I. Introduction
The acute cytotoxicity of the potent herbicide paraquat (PQ; 1,1'-dimethy1-4,4'-bipyridynium dichloride) to mammals is mediated by the generation of reactive oxygen species (ROS) [1, 14] . Mitochondria (Mt) were always destroyed as the initial ultrastructural change [7, 15] . Isolated unfixed intact Mt from rat livers were, however, not affected by PQ alone, but destroyed only in the presence of extramitochondrial NADH [8] . The mechanisms may involve one electron reduction of PQ with NADH into a radical form which spontaneously produces superoxide anions (O2-) that damage Mt. Based on these mechanisms, we recently discovered a novel mitochondrial NADH-quinone oxidoreductase (NQOm) activity that was responsible for acute PQ cytotoxicity and was localized on the mitochondrial outer membrane and generated O2- [13] .
Cytochemistry
In the electron microscopic cytochemical field, which Briggs and his co-workers first introduced [3] was inhibited by 500 mM dicoumarol, but NADH could not be replaced by NADPH [8, 9] . In other experiments [13] , the pure mitochondrial outer membrane fractions that are free from the contamination of inner membranes reduced NBT via the formation of O2-from PQ in the presence of NADH. The PQ could be replaced by menadione. These reactions were sensitive to the addition of cytochrome c (O2 scavenger) or dicoumarol.
Thus, the results indicated that mitochondrial NQOm is somewhat different from NQO1 and may participate in the markedly reduced the signals of Ce elements on the outer membranes [9] . We, therefore, could determine the Ce contents of the electron-dense materials along the Mt outer membrane as the specific reaction product of NQOm activity. It was concluded that ROS formation dut to the NQOm activity dependent on NADH and PQ was localized on the outer membrane of Mt as the specific toxic site of the initial mechanism for PQ cytotoxicity which supports our previous results [8, 13] .
We are grateful to Ms Mayumi Mitani for her excellent secretarial assistance, and to Ms Mary Lou Prince for her outstanding editorial assistance.
This work partly supported by a Grant for Collaborative Research from Kanazawa Medical University (C98-16).
